is a rare neoplastic disease characterized by an aggressive and rapidly progressing course, which constitutes only a very small proportion of all MM cases. In the present report, the clinical case of a 51-year-old Caucasian woman diagnosed with IgD-κ MM is described. The patient underwent different chemotherapeutic treatments subsequently to a single autologous stem cell transplantation. Despite the inherent difficulty of monitoring IgD levels and performing serum immunofixation electrophoresis, the clinical outcome of the patient was almost uniquely monitored by measuring the levels of κ and λ free light chains (FLCs) and total heavy chain IgD. The data suggest the non-invasive potential and usefulness of FLCs evaluation for early detection of stringent complete remission, follow-up and early detection of disease relapse. In addition, this diagnostic procedure has successfully been employed for the therapeutic monitoring of the present patient, and may represent a very helpful, non-invasive tool for the follow-up of IgD myeloma patients without the requirement of serial bone marrow aspirate.
Introduction
Multiple myeloma (MM) is a plasma cell (PC) disorder that induces anemia, skeletal destruction, renal failure and hypercalcemia (1) . It is the second most common hematological malignancy, and it is characterized by the presence of a monoclonal immunoglobulin (Ig) expressed and secreted in the bone marrow, where there is a collection of abnormal PCs that interfere with the production of normal blood cells (2) .
IgD MM constitutes ≤2% of all MM cases, displays generally an aggressive phenotype (often with renal failure) and is usually characterized by poor prognosis (3) . IgD-κ occurs only in 3-4% of all IgD MM cases, and is also associated with the difficulty of obtaining a reliable diagnosis and of conducting a constant and precise follow-up (4) .
The diagnostic panel for IgD-κ MM should include PC flow cytometry characterization, fluorescence in situ hybridization (FISH), serum protein electrophoresis (SPE), serum immunofixation electrophoresis (sIFE), measurement of serum free light chains (sFLCs) and total heavy chain IgD, and urinary IFE for Bence Jones (BJ) protein (5) .
Diagnostically, with novel agent therapy (including thalidomide, bortezomib and lenalidomide) specifically integrated with autologous stem cells transplantation (ASCT) when feasible, the survival for IgD MM is improved; however, the outcomes remain inferior to those achieved in patients with other myeloma isotypes, thus highlighting the requirement for better and more innovative approaches in treatment and monitoring (6) .
The present report describes the follow-up of a case of an IgD-K MM patient, who often refused to undergo a bone marrow aspirate, even in certain critical phases of the disease. Thus, given the occasional inability to obtain bone marrow aspirate samples, at times when a relapse was suspected, minimal residual disease (MRD) was alternatively monitored uniquely by serological evaluation of FLC and total heavy chain IgD levels (7, 8) .
The current report presents the case of a long survival patient monitored almost exclusively by sFLC and IgD measurements as an essential, non-invasive marker. (Fig. 1A) . Bone marrow examination by FISH revealed no abnormalities. sIFE and BJ protein IFE on urine evidenced the presence of an IgD-κ monoclonal component and κ light chains, respectively (Fig. 1B) . In addition, sFLC quantification (The Binding Site Group, Ltd., Birmingham, UK) revealed a marked increase in κ-sFLC with an abnormal FLC κ/λ ratio (Table I) . Total heavy chain IgD quantification (The Binding Site Group, Ltd.) confirmed the presence of elevated IgD levels ( Fig. 1B and Table I ).
The average and standard deviation values of β2-microglobulin (β2 M) levels were 7.47 and 3. Table I ). The FLC measurements and total IgD evaluations commenced upon ASCT (10) and were extended until the relapse phase (Fig. 2) . Following the first VAD cycle, bone marrow stem cells were collected.
The patient was classified as 'non responder' to the different chemotherapeutic agents; however, the patient was selected for ASCT in April 10, 2008 (Fig. 2) . Following ASCT, severe complications occurred, including pneumonia with Morganella morganii infection and then sepsis. Based on these observations, the hematological asset of the patient was re-evaluated upon ASCT, and bone barrow immunophenotyping revealed a 0.1% of PC population in the lymphocytes region. As displayed by post-ASCT flow cytometric analysis, the sFLC κ/λ ratio decreased, and no presence of neoplastic PCs was detected (Fig. 1A) . In parallel, sIFE appeared without a monoclonal component, and the level of BJ protein was less pronounced overtime (Fig. 1B) . Furthermore, these parameters were associated with a marked reduction in κ-sFLC (Fig. 3) , suggesting that the patient was effectively responding to the treatment. However, osteolytic lesions were still present but did not progress overtime. 
B A
In November 2008, the patient was diagnosed with Guillain-Barré syndrome. Due to the several complications occurred during the course of this syndrome, the patient refused a second ASCT and other bone marrow aspirates. Therefore, the patient was regularly monitored with sFLC and total IgD measurements in order to assess the response to the first ASCT performed in April 2008 (Fig. 2) , in addition to evaluation of other classical serological parameters, including β2 M, lactate dehydrogenase, Ca and hemoglobin). FLC/IgD parameters were also evaluated for the whole duration of post-ASCT and disease relapse ( Fig. 2 and Table I ). In July 2012, after 4 years of ASCT, the levels of IgD first exhibited a substantial increase above the normal range ( Fig. 3 and Table I ), and 8 months later, in March 2013, the levels of κ-sFLC exhibited a further significant increase (Fig. 3) . Due to this κ-sFLC increase, the presence of an IgD-κ MM was further confirmed by sIFE and urine IFE (Fig. 1B) .
Accordingly, in view of a possible relapse, the patient agreed to undergo a bone marrow aspirate in March 2013, evidencing a PC population (4% of bone marrow cells) with the typical phenotypic hallmarks of CD38 + CD138 + CD28 + CD56 + CD117 + CD19 -CD45 -cells, including the presence of neoplastic PCs with κ light chains restriction, as indicated by the flow cytometric analysis performed at relapse (Fig. 1A) . In addition, SPE was performed, which further supported the recurrence of a monoclonal peak inside the γ region. This recurrence was also confirmed by the percentage values of the γ regions from the SPE and IFE profiles (Fig. 4) . Indeed, the high γ fraction value depicted in the pre-ASCT phase (10.1%, Upon another chemotherapy line, the patient underwent a second ASCT, and is currently monitored by measurement of sFLC and total heavy chain IgD.
Discussion
The present study reports the follow-up of a patient with IgD-κ MM that requires a careful approach and monitoring.
The patient refused bone marrow aspirate in various occasions, even under suspicion of relapse; thus, the patient had to be followed up by means of sFLC and total heavy chain IgD measurements for monitoring MRD. The sFLC values over the four BMD cycles were generally constant, indicating the unresponsiveness of the patient. Compared with pre-ASCT levels, the total IgD and light chain values displayed a post-ASCT decrease, including the FLC levels. This was further confirmed by the disappearance of the κ-sFLC in the post-ASCT IFE. In addition, the total heavy chain IgD and κ-sFLC values observed in July 2012 suggested a potential relapse of the disease, since a consequent relapse in March 2013 supported by the relative sIFE values was observed. These findings were also confirmed by the flow cytometric analysis performed at relapse, which demonstrated unbalanced expression levels of κ/λ chains, also displaying the presence of neoplastic PCs. Lastly, the SPE profiles of the patient appeared to be compatible with the overall diagnostic evaluation of the disease evolution, and provided further confirmation to the reliability of this unusual IgD-κ MM patient follow-up.
These data clearly suggest a coherent outcome of heavy chain and FLC levels alongside the diagnostic profile, and demonstrate its effectiveness as an early marker for diagnosis by monitoring the MRD and relapse of IgD-κ MM.
Furthermore, in the present and peculiar case study, the availability of a rapid, quantitative and non-invasive test has been revealed of high significance in the monitoring of IgD-κ MM patients, particularly when bone marrow aspirate analysis is not available. In addition, evaluation of serum total heavy chain IgD could represent another useful clinical tool when employed in specialized centers where IgD MM cases could be better characterized and monitored (9, 11) . Finally, the present conclusions appears to be in line with the recent International Myeloma Working Group statements for MM patients that are not eligible for ASCT (12) .
